The seasonal and spatial pattern of diet composition of a population of wild rabbits Oryctolagus cuniculus L. occupying a southern Portuguese montado was estimated using the n-alkane technique. The diet was analysed in terms of components that are relevant to habitat management. The dietary categories considered were gum cistus leaves and¯owers, cork oak and holm oak seedlings and acorns, cereals, olive tree regrowth and grass-forb species. The objectives were to assess the changes in diet across seasons in relation to the reproductive cycle of the rabbits, and to relate these changes to herbaceous biomass availability and to habitat structure, in terms of density of scrub cover and accessibility to arable crops. The results demonstrated that the diet was dominated by grass-forbs, and cereals when they were available. Browse was an important component of the diet and became more important in a year of low herbaceous biomass availability and in areas dominated by dense scrub. A similar phenomenon was observed in relation to consumption of acorns in winter. Seasonal and spatial variation in diet composition suggested a strategy aimed at maintaining a high quality diet. This was supported by the observed high dry matter digestibility of the diet during most of the year. The relevance of growing arable crops and providing fodder, as a means of increasing the carrying capacity of montados for rabbits and protecting the natural regeneration of trees, is discussed.
INTRODUCTION
The feeding behaviour of the wild rabbit Oryctolagus cuniculus L. is characterized by being selective and opportunistic. Across a range of habitats, in different geographic regions, it has been established that the diet composition of rabbits changes seasonally and spatially, according to plant species availability, their phenological development and their nutritive value (Williams, Wells & Wells, 1974; Bhadresa, 1977; Chapuis, 1979; Soane, 1980; Chapuis & Forgeard, 1982; Soriguer, 1988) . However, these changes in diet have not been studied so far in the montados, savanna-like ecosystems, dominated by cork oak and holm oak, which are of great ecological and economic interest in Portugal (e.g. Joffre, Rambal & Ratte, 1999; Roberts & Nunes da Silva, 2000) .
Changes in agriculture in Portugal in the past decade have resulted in a reduction in the importance of cereal production in montados, making these systems dependent, for example, on alternative livestock production systems and hunting (see, for example, Barreto & Carvalho, 1993; Alves et al., 1995) . As a result of the decrease of indigenous wild rabbit populations in the Iberian Peninsula, caused by habitat changes, disease, excessive predation and hunting (e.g. Moreno & Villafuerte, 1995; Moreno et al., 1996; Palomares, Calzada & Revilla, 1996) , management techniques are required if the populations are to be maintained.
Quantitative assessment of the major components of the diet should provide valuable information for the estimation and improvement of the carrying capacity of montados for rabbits. However, the impact of rabbits on the natural regeneration of oak stands, arable crops and on natural vegetation, as well as the competition with other herbivores, also have to be taken into consideration in developing a management plan.
In order to provide information on how to achieve a sustainable exploitation of wild rabbit in montados, this study presents quantitative estimates of the diet composition of a rabbit population in a Southern Portuguese montado using the n-alkane technique. The diet was analysed by separating food items into groups most relevant in terms of habitat management, namely scrub (gum cistus Cistus ladanifer L.), cork oak and holm oak seedlings, cork oak and holm oak acorns, cereals, regrowth of olive trees Olea europaea var. europaea L. and grass-forbs. The importance of these groups in the diet was analysed seasonally over two annual cycles in different habitats, and related to herbaceous biomass availability. The main objective was to assess whether changes in the overall diet, and in consumption of oak regeneration in particular, were related to seasonal changes in primary production. The relevance of introducing arable crops as a management strategy to improve the carrying capacity of the estates for rabbits and to protect natural regeneration is also discussed.
METHODS

Study area
The study area was a 270-ha hunting estate in southeast Portugal (38847'N, 7825'W) , comprising a rolling landscape between 300 and 420 m altitude. The climate is Mediterranean with a strong seasonality of hot, dry summers (average temperature of 25 8C with an average rainfall of 2 mm in August) and rainy, mild winters (average temperature of 9 8C with an average rainfall of 100 mm in January) (Rosa Ârio et al., 1983) .
The vegetation consists mainly of cork oak Quercus suber L. and holm oak Quercus rotundifolia L. stands, some of them undersown with crops of triticale6(Triticosecale Wittmack and oats Avena sativa L. The remaining understorey is dominated either by patches of gum cistus or natural pasture. The open structure of the oak stands is characteristic of savanna-like forest ecosystems in the southern regions of Portugal, herein referred as montados.
Olive trees are also found, especially in the crop ®elds. Amongst the 120 different herbage species identi®ed in the natural pasture, the most abundant are Agrostis pourretii Willd., Bromus hordeaceus L., Echium plantagineum L., Leontodon taraxacoides (Vill.) Me Ârat, Ornithopus compressus L., Rhagadiolus stellatus (L.) Gaertner, Trifolium angustifolium L. and Vulpia geniculata (L.) Link.
De®nition of the collection sites
Vegetation and faecal samples were collected from 16 groups of warrens. An area was de®ned around each group that would re¯ect the foraging range of the rabbits belonging to the same group of warrens. In order to assess this area, hereafter called collection site, observations of crepuscular movements were carried out using a focal sampling method (Martin & Bateson, 1993) . In a total of 37 periods of observation (lasting 1 h at dusk) with 53 individuals observed, the average distance travelled was 30.2 m (sem = 0.33) and the greatest distance was 74 m. A radius of 100 m around each group of warrens was, therefore, established as the probable range within which most of the foraging activity occurred. This was also the maximal dispersion observed by Gibb (1993) for both sexes.
Sample collection
Vegetation and faecal samples were collected within the collection sites for 2 years, 1998 and 1999, and in each of the 3 seasons de®ned by Alves & Moreno (1996) as re¯ecting the reproductive biology of the species in the study area. These were designated as the breeding season (between January and June), the post-breeding season (between July and September) and winter (between October and December). There were 2 sample collections in the middle of each season, with an interval of 2 weeks between them.
Faecal samples were collected in the proximity of warrens belonging to the same collection site. Plant species for n-alkane analysis were collected randomly over the study area at the same time as faecal samples, as suggested by Dove & Mayes (1991) . The plant species collected were selected on the basis of being abundant at each collection site, showing signs of being consumed and being potentially important as a seasonal feed resource, such as gum cistus¯owers and acorns. No attempt was made to identify the importance of speci®c parts of the plant species in the diet and, therefore, the whole plant was included in the analysis, with exception of gum cistus for which only¯owers and leaves were considered.
Patches of the different vegetation types within the collection sites were delimited on an orthophotomap and their areas were measured using ArcView 3.1 (ESRI, 1995) . Five different vegetation types were considered: arable crops, pasture, low scrub, average scrub and tall scrub. Random 20640 cm quadrats, in numbers proportional to the area of the patches, were used to measure percentage of cover and average height of the total vegetation, contemporaneously to the collection of faecal samples. Between 6 and 24 quadrats were used to sample vegetation patches with areas from 0.07 to 7 ha. A total of 1080 quadrats were sampled per season. One third of the quadrats was clipped to ground level and the biomass dried at 60 8C for 48 h and weighed. The dry matter estimates obtained in this way were regressed against the volume (% of cover6average height) and the relationship used to predict the biomass of the remaining quadrats. This double sampling strategy was followed to reduce the effort of estimating the herbaceous biomass availability (Thompson, 1992) .
The availability of both holm oak and cork oak acorns was assessed in winter by ground counts in 2061 m plots (Gysel, 1956) , randomly distributed within the vegetation patches at each collection site, in numbers proportional to their area. Between 2 and 7 plots per vegetation patch were counted and 125 plots were counted in all in each year.
Composition of the diet
Particular patterns of concentrations of n-alkanes in cuticular wax are speci®c to individual plant species (Dove, Mayes & Freer, 1996; Bugalho, 1999; Chen et al., 2000) or parts of plants (Dove et al., 1996) . Therefore, there is potential for them to be used as markers in the estimation of diet composition from the pattern of n-alkane concentrations in the faeces, assuming that they are fully recovered or, if faecal recoveries are incomplete, that relative recoveries are known (Dove & Mayes, 1991) . The usual method for estimating diet composition from the pattern of n-alkanes in faeces and in plant species is based on a least-squares procedure using the available n-alkanes (Salt, Mayes, Colgrove et al., 1994; Dove & Moore, 1995; Mayes, Dove et al., 1995) .
All samples of plant species and faeces for n-alkane analysis were oven-dried at 60 8C for 48 h and milled through a 1-mm mesh. The ground samples were analysed for n-alkane concentrations using gas chromatography, according to the method described in Mayes, Lamb et al. (1986) with the modi®cations reported in Salt, Mayes & Elston (1992) . The concentrations of all n-alkanes between C 21 and C 35 were determined, with exception of the concentrations of C 22 and C 34 because they were used as internal standards. The concentration of each n-alkane was corrected for its recovery in the faeces (Martins, Elston et al., in press) .
The focus for the quanti®cation of the diet was the importance of dietary components that would be relevant for habitat management in montados, either to encourage an increase in the rabbit population or to reduce their impact on the vegetation. Diet composition was, therefore, assessed from the proportion of cork oak and holm oak seedlings, acorns of both species (only available in winter), regrowth of olive trees, gum cistus leaves and¯owers (only available in the breeding season), cereals (available all year but only as stubble in winter), and a grass-forb group.
A mixture of plant species was selected as being representative of the grass-forb group, which differed slightly for each collection site and in each season. The plant species were selected using information on their local frequency obtained from the quadrats, and the likelihood of their being present in the diet. This was inferred from the results of a study of the plant species present in the diet of rabbits in a similar type of ecosystem (M. C. Reis, P. Beja, M. L. Mathias, pers. comm.).
Concentrations of n-alkanes from both faecal and vegetation samples were iteratively compared using a non-negative least-squares optimization routine. The aim of the iterations was to ®nd the proportions of the diet components that minimized the squared deviations between the observed faecal concentrations and the expected faecal concentrations calculated from the nalkane contents in the mixtures of plant samples. The maximum number of dietary components that can be discriminated by using this approach is limited to the number of n-alkane markers available, which were 13 in this study. This limitation is overcome by pooling individual plant species into groups, which are then treated as dietary components (Mayes & Dove, 2000) . The least-squares routines used in this study took into consideration that plant species within the grass-forb group could be consumed in different proportions. These were estimated and used to calculate a weighted average n-alkane concentration across the group. The procedure is fully described in Martins, Elston et al. (in press) .
The least squares optimization algorithm also estimated the amount of diet components, w i (kg), that needs to be ingested to produce a total faecal output of 1 kg. For each diet, the digestibility value, D, was then calculated as follows (Newman et al., 1995) :
Statistical analysis
In order to take account of differences in availability of feeding resources at different collection sites, an estimate of the diet composition was made for each season in both years and for different sites, in terms of the following sets of dietary components: Set (1) oak seedlings, gum cistus leaves, cereal, regrowth of olive trees, grass-forbs and others (a category that included seasonal food items such as gum cistus owers and acorns); Set (2) the same as (1) but without regrowth of olive trees;
Set (3) cork oak seedlings, holm oak seedlings and others.
In addition, in the breeding season, the composition of the diet between years was also studied for 58 collection sites in terms of gum cistus leaves, gum cistus owers and others. In winter, the presence of acorns justi®ed the study of their importance in the diet. Therefore, the diet composition was described in terms of the following sets of dietary components:
Set (4) oak seedlings, gum cistus leaves, cereal stubble, regrowth of olive trees, oak acorns and grassforbs;
Set (5) as (4) without the regrowth of olive trees. A more detailed analysis of the importance of the acorns of holm oak and cork oak separately, in relation to other components was undertaken for 40 collection sites.
Estimates of the proportions of vegetation types in the diet were excluded when the error sum of squares of the iterative process did not converge. This occurred in 20 out of the 192 estimates and, as a consequence, not all collection sites are represented in all seasons. Because the ®nal data set was unbalanced, residual maximum likelihood analysis (REML) was used (Horgan & Hunter, 1993) . The dietary components were considered as levels of a main effect, and the proportions were logratio transformed in relation to grass-forbs before analysis to ensure independence (Elston, Illius & Gordon, 1996) . Other main effects were year and season. The random effects were the collection site and the time of collection within the season. Besides this multivariate approach, an analysis was undertaken for each component of the diet individually, by considering the proportion of the dietary component as the independent variable after angular transformation.
To examine the relationship between the habitat structure, biomass availability and diet composition, the collection sites were grouped into those dominated either by open vegetation (> 50% of the area occupied by arable crop, pasture and/or low scrub) or by dense scrub (> 50% of the area occupied by average and tall scrub). They were also classi®ed by whether access to arable crops was available or not. The main effects of density of scrub cover, accessibility to arable crops, year and season and their interactions, on the proportion of cereals, oak seedlings and acorns in the diet were tested. Accessibility to arable crops was excluded from the analysis of the proportion of cereals in the diet since it was assumed that cereals were only present in the diets at collection sites with access to arable crops.
The same type of analysis was performed for the study of the effects of seasonal and spatial variation on herbaceous biomass and dry matter digestibility. A linear multiple regression model was ®tted to assess the effect of the proportion of oak seedlings, acorns, regrowth of olive trees and cereals on the dry matter digestibility of the diet after angular transformation (see Elston et al., 1996) .
All the statistical analyses were performed using Genstat 5 (Genstat 5 Committee, 1993).
RESULTS
Herbaceous biomass
There was a signi®cantly higher herbaceous biomass in 1998 than in 1999 (F 1,44 = 156.50, P < 0.001) ( Table 1) . In both years, the biomass was signi®cantly higher in the breeding season than in the post-breeding season and winter (F 2,44 = 413.70, P < 0.001).
The herbaceous biomass was signi®cantly lower in areas with dense scrub than in open areas (F 1,44 = 5.40, P < 0.05), with the lowest values being observed during the winter of 1999 (F 2,44 = 4.20, P < 0.05).
Seasonal and annual changes in the diet composition
In the collection sites with regrowth of olive trees (set 1), the diet was generally dominated by cereals (range of proportion in the diet 0.17±0.46) and grass-forbs (range 0.11±0.52) ( Table 2 ). The proportion of oak seedlings and of regrowth of olive trees varied between 0.02 and 0.18, and 0.02 and 0.21, respectively. The multivariate analysis showed that the ratios between the consumption of the dietary components in relation to grass-forbs were not signi®cantly different within seasons and years (F 8,168 = 1.36, P > 0.05). The proportion of regrowth of olive trees in the diet was signi®cantly higher in 1999 than in 1998 (F 1,28 = 7.00, P < 0.05) and it was signi®-cantly lower in the post-breeding season than in the other seasons (F 2,28 = 5.90, P < 0.05). There was a higher proportion of grass-forbs in the diet in 1998 than in 1999 (F 1,28 = 5.20, P < 0.05). The proportion of gum cistus leaves in the diet was signi®cantly higher in the breeding season of 1998 and in the winter of 1999 than in the rest of the seasons in both years (F 2,28 = 6.15, P < 0.01).
In the collection sites without regrowth of olive trees (set 2), the diet was also dominated by cereals and grassforbs (Table 2) . During winter, the proportion of cereals in the diet ranged from 0.02 to 0.63. The proportion of grass-forbs in the diet varied from 0.16 to 0.55 and oak seedlings from 0.10 to 0.21. There were signi®cant differences in the ratio of the proportion of the dietary components in relation to grass-forbs within years and seasons (F 6,335 = 3.07, P < 0.01). The proportions of gum cistus leaves and oak seedlings in the diet were rF wrtinsD tF eF wilne nd pF ego 398 signi®cantly lower than those of the other groups in the breeding season of 1998 (P < 0.05). Both in the postbreeding season of 1998 and 1999, the proportion of cereals in the diet was signi®cantly higher than the other groups (P < 0.05). In winter 1999, oak seedlings had the highest proportion in the diet. Individually, the proportion of cereals in the diet in the breeding season increased signi®cantly from 1998 to 1999 (F 2,73 = 6.90, P < 0.01), and was lower in winter than in the other seasons (F 2,73 = 35.85, P < 0.001). The consumption of grass-forbs was signi®cantly lower in the post-breeding season than in the other seasons, especially in 1998 (F 2,73 = 5.55, P < 0.01). The proportion of gum cistus leaves in the diet was signi®cantly higher in the postbreeding season than in the other seasons (F 2,72 = 19.80, P < 0.001).
At collection sites where seedlings of both oak species were present (set 3), the proportion of holm oak seedlings in the diet varied between 0.02 and 0.11 and was signi®cantly lower in the post-breeding season than in the other seasons (F 2,82 = 7.00, P < 0.01) ( Table 2 ). The proportion of cork oak seedlings in the diet varied 399 Variation in diet of the wild rabbit Table 2 . Estimated diet composition of rabbits Oryctolagus cuniculus expressed in proportions and in terms of different sets of food items that re¯ect different accessibility to resources at the collection sites. Estimated means of the angular transformed proportions in the groups, with the sed associated with the annual and seasonal variation. Log-ratio transformed proportions in relation to grass-forbs, with the total standard error of difference (sed) between 0.03 and 0.18 and was higher in the postbreeding season than in the other seasons (F 2,82 = 3.09, P < 0.05). The proportion of¯owers of the gum cistus in the diet in the breeding season was signi®cantly higher in 1998 (0.08) than in 1999 (0.02) (F 2,28 = 20.30, P < 0.001).
In winter, in sites where acorns and all the food items were present (set 4), oak seedlings were present in the diet in the range 0.10±0.12, and cereals in the range 0.23±0.35 (Table 3 ). The proportion of acorns in the diet ranged from 0.05 to 0.20. The proportion of grass-forbs was signi®cantly lower in 1999 (0.11) than in 1998 (0.46) (F 1,7 = 14.60, P < 0.001), as opposed to gum cistus leaves, which showed the opposite trend (F 1,7 = 7.20, P < 0.05).
In sites without regrowth of olive trees (set 5), the proportion of acorns in the diet in relation to grassforbs was higher than the other groups in 1998 (P < 0.05). In 1999, both acorns and oak seedlings were present in higher proportions than the other groups (F 3,119 = 4.33, P < 0.01). In relation to set 4, there was an increase in the proportion of acorns in the diet (between 0.27 and 0.39) and a decrease in the proportion of cereals (between 0.01 and 0.07). The proportion of oak seedlings in the diet was signi®cantly higher in 1999 than in 1998 (F 1,17 = 16.00, P < 0.001), as was the proportion of acorns (F 1,17 = 4.70, P < 0.05), whilst the proportion of grass-forbs was signi®cantly lower in 1999 than in 1998 (F 1,17 = 10.70, P < 0.01).
In terms of acorns of individual oak species, only the rF wrtinsD tF eF wilne nd pF ego 400 proportion of cork oak acorns in the diet changed signi®cantly, being lower in 1998 (0.14) than in 1999 (0.29) (F 1,19 = 11.10, P < 0.01). Both cork oak and holm oak acorn availability were higher in winter of 1998 than in winter of 1999, but only signi®cantly in the cork oak (P < 0.001) (Fig. 1) .
In¯uence of the habitat structure on diet composition
The proportion of cereals in the diet was lower during the winter than in the other seasons, especially in the areas with dense scrub cover (F 2,35 = 9.60, P < 0.001) ( Table 4 ). The proportion of oak seedlings in the diet changed signi®cantly between years in open areas and in areas dominated by dense scrub, and in opposite directions (F 1,43 = 13.20, P < 0.001) ( Table 5 ). In dense scrub, the proportion of this dietary component was signi®cantly higher in 1999 than in 1998, whilst in open areas it was signi®cantly higher in 1998 than in 1999 (P < 0.05). The proportion of oak seedlings was also signi®cantly higher during the post-breeding season in the open areas without access to arable crops in 1998 than in other seasons in both years (F 2,43 = 6.40, P < 0.01).
The proportion of acorns in the diet was signi®cantly higher in sites with dense scrub cover than in sites with open vegetation (F 1,53 = 5.60, P < 0.05) ( Table 6 ).
Dry matter digestibility
Digestibility of dry matter was highest when tree seedlings (b = 1.16, t 20 = 3.47, P < 0.05) and acorns (b = 1.62, t 20 = 2.92, P < 0.05) were present in the diet and lowest when cereals were in the diet (b = 71.93, t 20 = 74.09, P < 0.001).
Dry matter digestibility was signi®cantly higher in the breeding season of 1998 and the winter of 1999 than in other seasons in both years (F 2,41 = 20.50, P < 0.001). The structure of the habitat did not signi®cantly affect digestibility of the dry matter (Table 7) .
DISCUSSION
The assumption was made that the faeces taken from each collection site re¯ected the average diets of the individuals belonging to the group of warrens within it. These warrens were associated with one another as a result of juvenile dispersion, environmental heterogeneity (Myers & Parker, 1965; Ku È nkele & Von Holst, 1996) and social behaviour (Dunsmore, 1974; Parer, 1977; Daly, 1981) . It is, therefore, probable that the individuals of the same group of warrens had access to the same feeding resources and had similar diets.
The number of dietary components whose proportion can be estimated by the n-alkane technique is limited to the number of markers available (Dove & Mayes, 1991) . This is a limitation in the use of the n-alkane technique in the study of complex diets, since there will be always some subjectivity in the choice of the plant mixtures whose pattern of n-alkane concentrations is compared with that of the faecal samples. This subjectivity was reduced by making sure that the plant mixtures were representative of the diet, in both seasonal and spatial terms. Moreover, the diet was studied in terms of functional groups, and the same criteria were used to 401 Variation in diet of the wild rabbit select, consistently, the plant species for the grass-forbs group. Comparisons between mean estimates of diet composition obtained for different sites and seasons were, therefore, considered to be valid. The results illustrated the diversity of the diet of the wild rabbit population under study. This has also been observed in other Mediterranean populations of wild rabbit and has been suggested as being a strategy of adaptation to spatial and temporal availability and quality of food resources (Chapuis, 1979; Soriguer, 1988) .
The diet was dominated by grass-forbs. When present, cereals were also an important dietary component, but their consumption tended to decrease in winter, a season when they are reduced to stubbles and their nutritional value and availability are low. In the browse component of the diet, the consumption of gum cistus leaves, and¯owers in the breeding season, occurred only on a small scale. The regrowth of olive trees, when available, represented an important feeding resource. The consumption of oak seedlings occurred throughout the year and was higher for cork oak than for holm oak in the post-breeding season. It is possible that consumption of adult oak leaves and regrowth from tree stumps occurred (see Fa et al., 1999) , but this was not quanti®ed in this study because of its probable small scale and low relevance for management.
Acorns are a valuable resource in winter, especially in areas dominated by dense scrub vegetation. This is true even when their production is compromised by unfavourable weather conditions during spring that kill thē owers (Gysel, 1956) , as might have occurred in the study area in 1999 (see Figs 1 & 2) . In sites with access to cereals and regrowth of olive trees, the consumption of acorns in winter was constant from one year to the next. In the rest of the sites, it was higher in 1999 than in 1998, which stresses their role as alternative feeding resources. It may be that the consumption of acorns might have been underestimated, since the husk might have been removed before consumption and the acorn rF wrtinsD tF eF wilne nd pF ego 402 itself has low n-alkane concentration. The authors know of no data for judging the importance of the consumption of husk. The higher proportion in the diet of regrowth of olive trees, acorns and oak seedlings in 1999 than in 1998, contrasting with a decrease in the proportion of grassforbs, may have been associated with the observed decrease in primary production of forbs, explained by a lower accumulated rainfall in the breeding season in 1999, particularly during May (Fig. 2) . This effect was more accentuated in sites with dense scrub, which for oak regeneration raises two points: (1) the dense scrub might provide protection to seedlings from large herbivores and, therefore, offers a greater availability to rabbits; (2) the low herbaceous biomass availability might also motivate rabbits to increase their searching effort.
Seasonally, the herbaceous biomass availability decreased from the breeding season (end of winter and spring) to the post-breeding season (summer), when competition for food increased, because the population was increasing rapidly as a consequence of reproductive activity (Martins, Barbosa et al., in press ). Young plant material that appeared with the ®rst rains at the start of the winter was rapidly consumed, and biomass availability only increased at the end of the winter and spring when there was more consistent rain and higher temperatures. The higher consumption of browse towards the winter might, therefore, re¯ect a strategy of compensation where a decrease in consumption of grass-forbs, resulting from either reduced availability or quality, is compensated for with a higher intake of other food items (Myers & Poole, 1963) , such as browse. The high content of soluble cell components in browse material allows the maintenance of the quality of the diet. However, because of its high content of secondary compounds, it might also have required consumption of cereals as a detoxi®cation mechanism (Mabry & Difeo, 1973; Cheeke, 1976; Illius & Jessop, 1995) .
In comparison with the average value of dry matter digestibility found by Soane (1980) of 0.48 and de®ned as being low, the estimated digestibility of the diet of the studied population was high, with averages per season ranging from 0.54 to 0.77. The diet composition results suggest that this relative high digestibility is associated with the inclusion of oak seedlings and acorns in the diet.
In general terms, it can be concluded that the population is well adapted to the seasonal variation in quality and quantity of the feeding resources in montado, following strategies to optimize its use to ensure a high quality diet. Although grass-forbs dominated in the diet, the browse component was important throughout the year, and became more important when there was low herbaceous availability, as has also been observed by Homolka (1988) and Ma Âtral, Altba Ècker & Hahn (1998) . This is especially relevant in areas with dense scrub.
Some of the conclusions of this study have consequences for the management of wild rabbit populations in agro-forestry systems. The importance of grass-forbs and cereals in the diet justi®es the introduction of pastures and crop ®elds as a food supply. However, it has to be taken into consideration that the quality and digestibility of the arable crops is low at the end of the summer (e.g. CNICN, 1989) , when they are also highly grazed by the red deer population present at the study area. The value of introducing areas of crops as a gamekeeping strategy might be mainly to reduce competition from large herbivores. The supply of fodder with higher nutritive value, should therefore be considered, especially in areas of scrub (see CTGREF, 1975 ). This would not only maintain the body condition of the rabbits and population size, but also decrease the pressure of herbivores on oak natural regeneration. The consumption of regrowth of olive trees was revealed as being important, suggesting that the pruning of olive trees to stimulate regrowth could also provide an important alternative food supply.
Because of the importance of acorns and oak seedlings in the diet (see also Lange & Graham, 1983) , even in the presence of arable crops and high biomass availability, it is suggested that natural oak regeneration should be actively protected with exclosures (see, for example, Klein, Saint-Andrieux & Ballon, 1989) .
